Promoting Satellite Communications:
training students in the design of nano-satellite communications
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INTRODUCTION
The National Center for Space Technologies (NCST) of Technical University of
Moldova (TUM) has been oriented towards a series of nanosatellites,
according to the international standard CubeSat. In 2019, NCST participated
in the fourth round of the KiboCUBE Program with the nanosatellite
“TUMnanoSAT”.
KiboCUBE Program is a collaboration between UNOOSA and JAXA that aims to
provide to the United Nations Organization members opportunity to launch
CubeSat satellites developed for educational and research purposes.
The NCST team was selected by the Japan Aerospace Agency (JAXA) and the
United Nations Office for Outer Space Affairs (UNOOSA) for the fourth round
of the KiboCUBE Program for the launch of the TUMnanoSAT nanosatellite
from the International Space Station (ISS) in 2022, by the Japanese
experimental Kibo module. TUMnanoSAT is being transported to the ISS using
Dragon CRS-2 SpX-25 on June 7, 2022, and will be placed in orbit in July.
The Japanese Space Agency's Kibo module on the ISS was designed to be
used as both a microgravity laboratory, as well as a launch pad for low-Earthorbit services. This ISS module includes a small satellite-deployment system
called the J-SSOD. Deploying nanosatellites from ISS has a number of benefits.
Launching the vehicles aboard the logistics carrier of ISS visiting vehicle
reduces the vibration and loads they have to encounter during launch. In
addition, they can be packed in protective materials so that the probability of
CubeSat damage during launch is reduced significantly. In addition, the lower
orbit allows a natural decay of the satellites, thus reducing the build-up of
orbital debris.
This work will present how to promote and train students in creating of these
platforms, also in calculating the communication budget and designing
communication protocols with nanosatites at the TUM Space Technology
Center based on the example of TUMnanoSAT nanosatellite.

TUMnanoSAT COMMUNICATION SUBSYSTEM

COMMUNICATION PLATFORM

Given that communication is a key mission of the satellite, efficient real-time
software was created on the RTOS operating microsystem, which ensured the
analysis of the operation path of the parallel processes. This software ensures
highly reliable operation in the performance of various satellite missions under
space radiation conditions, including the satellite communication subsystem
with ground stations. Procedures and algorithms for communication were
developed in order to ensure link between satellite and ground station at
different transmission rates, with different ways of packing and encoding
messages for an efficient and reliable communication with earth stations.

The communication platform represents the application level of the nanosatellite
communication stack and allows to provide the user with a simple and explicit
graphical interface on the one hand and on the other hand it must automate, as
much as possible, the nanosatellite communication process. The platform allows
users to receive useful information received from the nanosatellite, information on
the status of the satellite and its subsystems, and to send to the nanosatellite the
appropriate commands to configure it, reset it or request useful data. The general
communication architecture with the nanosatellite based on the implementation of
the communication platform and the monitoring of the nanosatellites. The
applications with its graphical interface, all the components and tools available for
easy utilizatation. This application provides the operator of the ground station with
an explicit graphical interface where satellite status data is presented and which can
be used to send commands to nanosatellites, automates processes involved in
communicating with the nanosatellite and resets lost packets after receiving images
and completes the current file; extracting useful data from received files and saving
them in the database; receiving and presenting the information packaged in the
beacon messages, as well as sending this information to the corresponding
database.

Ground COMMUNICATION INFRASTRUCTURE
The general architecture of the National Center of Space Technologies Ground
Stations assure to operate in the two main radio amateur bands for
communication with small satellites. These bands are the VHF ( 2m ) and UHF (
70 cm) band. The antennas that are used in the ground station (X-QUAD) are
both directional antennas, which involves using a system for directing them to
the desired point. The system used for this purpose consists of an antenna
rotator (BIGRAS) and a controller (Rotator controller MD-01).
The antennas, mounted on the mast, are connected with RF ecoflex cable to
the LNAs (Low Noise Amplifiers). X-Quad 70cm and X-Quad 2m to LNA SP70
and LNA SP200 respectively. The next node connected from the LNAs consists
of coaxial relays which split the signal for feeding it into the ICOM IC-9100 and
USRP B200/E310 to be further processed.
Besides the main RF connections there is also a data line connection from the
PC Ground station to the signal processing units (ICOM and USRP) and a control
line connection to the rotator controller and relays.

CONCLUSIONS
It was developed the communication platform to promote and train students in
creating of these platforms and designing communication protocols with
nanosatites at the TUM Space Technology Center based on the example of
TUMnanoSAT nanosatellite. Thease have a pozitive impact on the improvement of
the quality of engineering studies based on modern space technologies, attracting
young students to develop and strengthen scientific research in space exploration.
Also, it supports the integration of the Republic of Moldova into the community of
countries which develop space technologies.
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